
    I 

Lilibeth Carola Leyton Mendoza  

  

  

  

  

  

Características físicas e mecânicas de materiais resinosos utilizados para 

restauração de dentes tratados endodonticamente usando dois protocolos de  

fotoativação  

Physic mechanical characterization of resin-based materials used for restoring 

endodontic treated teeth under two light activation protocols  
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RESUMO  

  

O tipo de cimento resinoso e o protocolo de fotoativação da luz podem influenciar as 

propriedades mecânicas da cimentação de pino e reconstrução do núcleo para restaurar 

dentes tratados endodonticamente. Este estudo avaliou as propriedades mecânicas 

influenciadas pela fotoativação imediata ou após 5-minutos de diferentes materiais 

resinosos utilizados para cimentação de pino de fibra de vidro (cimentos duais ou resinas 

compostas core) e reconstrução do núcleo (resina bulk-fill ou resinas compostas core). 

Materiais e Métodos: Nove materiais resinosos foram testados, sendo 4 resinas compostas 

core: Allcem Core, FGM; LuxaCore Z, DMG; Rebilda DC, VOCO; Clearfil DC Core 

Plus, Kuraray; 3 cimentos dual: RelyX Universal, 3M Oral Care; RelyX U200, 3M Oral 

Care; Allcem Dual, FGM; e 2 resinas compostas bulk-fill (RCBs): Opus Bulk Fill APS, 

FGM; e Filtek One Bulk Fill, 3M Oral Care. Os cimentos duais e as resinas compostas 

core foram fotoativados usando dois protocolos: imediato e após 5 minutos. Foram 

medidas a contração pós-gel (Shr, %), resistência flexural (FS, MPa), módulo de 

elasticidade (E, MPa), resistência à tração diametral (DTS, MPa), resistência à 

compressão (CS, MPa), dureza Knoop (KH, N/mm2), grau de conversão (DC, %), 

profundidade de cura (DoC, mm), análise termogravimétrica (TGA, % de conteúdo de 

carga), radiodensidade. Microscopia eletrônica de varredura (MEV) e espectroscopia por 

energia dispersiva (EDS) foram utilizadas para avaliar a morfologia e o conteúdo de 

carga. O resíduo dos cimentos duais e resinas compostas core que permaneceram na ponta 

automistura foram pesados. Os dados de Shr, TGA, FS, E, DTS, CS, DoC e radiopacidade 

foram submetidos à análise de 2-way ANOVA e análise de 2-way medidas repetidas 

ANOVA para KH e DC, seguido do teste de Tukey para identificar diferenças entre os 

grupos (α = 0,05). Resultados: A fotoativação após 5-minutos reduziu significativamente 

a Shr de todos os cimentos duais e resinas compostas core (p < 0,001). O aumento da 

profundidade reduziu significativamente os valores de KH para todos os materiais (p < 

0,001). As RCBs e as resinas compostas core apresentaram valores de KH mais altos do 

que os cimentos duais (p < 0,001). A fotoativação após 5-minutos reduziu 

significativamente os valores de Shr e não teve efeito negativo ou de melhora nas 

propriedades mecânicas testadas. Os cimentos duais e as resinas compostas core 

apresentaram maior profundidade de cura do que as RCBs. Os cimentos resinosos core 
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apresentaram valores de KH mais altos do que os cimentos duais e propriedades 

mecânicas similares às RCBs.   

  

PALAVRAS-CHAVE: propriedades mecânicas, propriedades físicas, resinas compostas 

core, cimento resinoso dual, resinas compostas bulk-fill, contração pós-gel, 

radiopacidade, fotoativação.  
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ABSTRACT  

The resin-based material type and the light activation protocol can influence the 

mechanical properties of the post cementation and core reconstruction for restoring 

endodontic treated teeth. This study evaluated the mechanical properties influenced by 

immediate or 5-minutes delayed light activation of different resin-based materials to 

cement fiberglass post (dual-cure resin cements or dual-cure resin-core) and to build the 

core (bulk-resin RBCs or dual-cure resin-core). Nine resin-based materials were tested: 4 

dual-cure resin-core: Allcem Core, FGM; LuxaCore Z, DMG; Rebilda DC, VOCO; 

Clearfil DC Core Plus, Kuraray; 3 dual-cure resin cements: RelyX Universal, 3M Oral 

Care; RelyX U200, 3M Oral Care; Allcem Dual, FGM; and 2 bulk-fill resin-based 

composites (RBCs): Opus Bulk Fill APS, FGM; and Filtek One Bulk Fill, 3M Oral Care. 

The dual-cure materials were light-activated using two protocols: immediate and 

5minutes delayed. The post-gel shrinkage (Shr, %), flexural strength (FS, MPa), elastic 

modulus (E, MPa), diametral tensile strength (DTS, MPa), compressive strength (CS, 

MPa), Knoop hardness (KH, N/mm2), degree of conversion (DC, %), depth of cure (DoC, 

mm), thermogravimetric analysis (TGA, % filler content), radiodensity, were measured. 

Scanning electric microscopy (SEM) and energy-dispersive X-ray spectroscopy (EDS) 

were used to evaluate the filler content morphology. The residue of the materials that 

remained into the automix tip was weighted. Shr, TGA, FS, E, DTS, CS, DoC, and 

radiopacity data were submitted to 2-way ANOVA; KH and DC were submitted to 2-way 

repeated measures ANOVA followed by Tukey test (α= .05). Delayed light activation 

reduced significantly the Shr for all dual-cure materials (p < .001). Increasing depth 

significantly reduced the KH values for all materials (p < .001). Bulk-fill RBCs and resin-

core materials had higher KH values than dual-cure resin cements (p < .001). Delayed 

light activation maintained or increased the KH for dual-cure materials. Bulk-fill RBCs 

had significantly lower DoC than dual-cure materials (p < .001). Delayed light activation 

reduced significantly the Shr values and had no negative or improvement effect on the 

tested mechanical properties. Dual-cure resin-based materials had higher DoC than bulk-

fill RBCs. Resin-core materials had higher KH values than dual-cure resin cements and 

similar mechanical properties of RBCs.   

KEYWORDS: mechanical properties, physic properties, resin-core materials, dual-cure 

resin cement, bulk-fill resin-based composite, post-gel shrinkage, radiopacity, light 

activation.  
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1. INTRODUÇÃO E REFERÊNCIAL TEÓRICO  

  

 Restaurações estéticas têm se tornado cada vez mais populares.(Ferrari et al., 2022) 

Dentre estes procedimentos restauradores estéticos diversos são realizados em dentes 

tratados endodonticamente.(de Kuijper et al., 2021) A indicação de pinos de fibra de vidro 

e materiais restaurador para reabilitar dentes tratados endodonticamente está relacionada 

à vários fatores, como quantidade e qualidade de estrutura dentária remanescente, 

presença de férula, e restauração final planejada.(Soares et al., 2018) A resistência de 

dentes tratados endodonticamente reabilitados com pinos podem ser influenciadas pela 

dimensão da estrutura até a crista óssea e possibilidade de definição de férula para garantir 

a integridade funcional.(Kumar et al., 2020) Porém, mesmo na ausência de férula, a 

indicação de reconstrução coronária indicando pinos e reconstrução com material 

resinoso pode viabilizar a manutenção de dentes fragilizados. (Barcelos et al., 2017) Na 

reabilitação o posicionamento do dente no arco, as cargas oclusais que os materiais e 

dente estão envolvidos, o tipo de restauração se direta ou indireta, o tipo de material, os 

hábitos do paciente e a habilidade do profissional podem também influenciar a 

distribuição de tensões. (Nahar et al., 2020)   

 Os cimentos resinosos core de dupla ativação denominados são indicadas para, 

concomitantemente proceder a cimentação de pinos de fibra de vidro, executar a 

reconstrução coronária e ainda para cimentação de coras indiretas. (Reis et al., 2020) A 

retenção dos pinos de fibra e a resistência da reconstrução coronária está associada à 

resistência mecânica do material restaurador. Adequada polimerização em profundidade 

na raiz e a integração adesiva com a dentina radicular determinam o comportamento 

biomecânico desejado. (Pereira et al., 2015) Não há consenso em relação à superioridade 

de um cimento resinoso dual convencional em relação às resinas compostas core. 

(Skupien et al., 2016)   

A geração de tensões no interior do canal radicular, e as propriedades mecânicas 

dos cimentos resinosos duais podem ser influenciados pelo modo de ativação realizado 

pelo profissional.(Soares et al., 2021) Aguardar 5-minutos após a manipulação para 

aplicação da luz tem mostrado ser eficiente para minimizar as tensões geradas e melhorar 

a integridade adesiva para cimentos resinosos duais convencionais.(Soares et al., 2021) 
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Porém, no limite do nosso conhecimento, não há na literatura informações se esse achado 

também se aplica a resina composta core de dupla ativação.(Säilynoja et al., 2021)  

Portanto, esse trabalho tem por objetivo avaliar propriedades físicas e mecânicas de 

diferentes tipos materiais usados em duas diferentes estratégias para reabilitar dentes 

tratados endodonticamente, se pelo emprego de resinas compostas core para cimentar 

pinos de fibra de vidro e de resina compostas bulk-fill para reconstruir o núcleo coronário, 

ou o uso concomitante de resinas compostas core de dupla ativação; sob influência de 

dois métodos de fotoativação se imediata ou tardia (após 5-minutos). Para isso vamos 

utilizar associação de diferentes ensaios físicos e mecânicos, os quais darão padrão para 

comparar materiais que já são utilizados para a reconstrução de dentes tratados 

endodonticamente.  
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2. CAPÍTULO 1  

  

ARTIGO 1  

Physic mechanical characterization of resin-based materials used for restoring 

endodontic treated teeth under two light activation protocols  

  

*Artigo a ser enviado para o periódico Journal of Prosthetic Dentistry  
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Physic-mechanical characterization of resin-based materials used for restoring 

endodontic treated teeth under two light activation protocols   

  

ABSTRACT  

Statement of the Problem. The resin-based material type and the light activation 

protocol can influence the mechanical properties of the post cementation and core 

reconstruction for restoring endodontic treated teeth.  

Purpose. This study evaluated the physical and mechanical properties influenced by 

immediate or 5-minutes delayed light activation protocols of different resin-based 

materials to cement fiberglass post and to build the core.   

Material and Methods. Nine resin-based materials were tested: 4 dual-cure core resin-

based materials: Allcem Core, FGM; LuxaCore Z, DMG; Rebilda DC, VOCO; Clearfil 

DC Core Plus, Kuraray; 3 dual-cure resin cements: RelyX Universal, 3M Oral Care;  

RelyX U200, 3M Oral Care; Allcem Dual, FGM; and 2 bulk-fill resin-based composites 

(RBCs): Opus Bulk Fill APS, FGM; and Filtek One Bulk Fill, 3M Oral Care. The dual 

cure materials were light activated using 2 protocols: immediate or 5-minutes delayed 

light activation. The post-gel shrinkage (Shr, %), flexural strength (FS, MPa), elastic 

modulus (E, MPa), diametral tensile strength (DTS, MPa), compressive strength (CS, 

MPa), Knoop hardness (KH, N/mm2), degree of conversion (DC, %), depth of cure 

(DoC, mm), thermogravimetric analysis (TGA, % filler content), radiodensity, were 

measured. Scanning electric microscopy (SEM) and energy-dispersive X-ray 

spectroscopy (EDS) were used to evaluate the filler content morphology. The residue of 

the resin-based materials that remained in the automix tip was calculated (g - %). Data 

from Shr, TGA, FS, E, DTS, CS, DoC, and radiopacity, were analyzed using 2-way 

ANOVA and KH and DC were analyzed using 2-way repeated measures ANOVA,  

followed by Tukey (  = .05).  

Results. Delayed light activation reduced significantly the Shr for all dual-cure 

materials (p < .001). Delayed light activation maintained or increased the KH for dual 

cure resin-based materials. Increasing depth significantly reduced the KH values for all 

materials (p < .001). Bulk-fill RBCs and resin-core materials had higher KH values than 

dual-cure resin cements (p < .001). Bulk-fill RBCs had significantly lower DoC than 

dual-cure materials (p < .001).   
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Conclusions. Wait for 5-minutes for light activate the dual-cure reduced significantly 

the Shr, maintaining or not influencing negatively all tested physical and mechanical 

properties. Dual-cure resin-based materials had higher DoC than bulk-fill RBCs. Resin-

core materials had higher KH values than dual-cure resin cements and similar 

mechanical properties of bulk-fill RBCs.  

  

Clinical implications. Resin-core materials had similar or superior physical and 

mechanical properties than dual-cure resin cements and bulk-fill RBCs, demonstrating 

to be an alternative to cement fiberglass post, rebuild the core, and cement the final 

restoration. The 5-minutes delay to light activate the resin-core materials is 

recommended to reduce the post-gel shrinkage.  

  

INTRODUCTION  

The association of a dual-cured resin cement to cement the fiberglass post into the root 

canal and the coronal reconstruction using resin-based composites has been the option 

for restoring endodontic treated teeth, with high survival ratio.1 The alternative for 

simplifying the restorative procedure, reducing the number of the materials have been 

stimulate the use dual-cure resin-core material that allows the fiberglass post 

cementation and core build-up reconstruction at the same time, reducing the number of 

interfaces and saving time.2,3  

Since the introduction of fiberglass posts and core build-up, efforts have been made to 

improve the bonding properties, mechanical performance, support, and retention to the 

final restoration.4-6 The mechanical properties of these core materials need to cover all the 

requirements expected for RBC used for coronal reconstruction and besides present 

proper polymerization in deep areas of root canal during fiberglass post luting.7-9 The 

combination of these materials with bonding interaction can created a unique body that 

allows more homogeneous stress distribution.10 Proper radiopacity is also a requirement 

that permit also to detect the adaptation, contact with adjacent teeth, interfacial gaps, and 

voids presence into the restoration.11-13 The radiopacity of resin-core materials is scarce 

in the literature, making necessary to evaluate this property.  

For restorations of endodontic treated teeth there are many factors to be considered, like 

type of resin-based materials, protocols of light activation, and bonding mechanisms 

that involves optimal mechanical properties.14,15   
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Usually, clinicians light activate the dual cure materials immediately after the placement 

into the cavity.16,17 However, a delay of 5-minutes between the material mixing and the 

light activation has been advocated to increase Ph-buffering which is important to 

permit adequate polymerization.18 The delayed light activation can also improve 

mechanical properties such as hardness, elastic modulus, and bond strength, besides 

reducing the residual shrinkage stress.19-22 However, the influence of the composition of 

the resin-core material on the physical and mechanical properties, when light activated 

immediately or after 5-minutes, is also uncertain.23   

Therefore, the aim of this study was to evaluate the mechanical properties of different 

resin-based materials used for conventional protocol for restoring endodontic treated 

teeth involving dual-cure resin cement and bulk-fill RBCs compared with different 

resin-core materials when light activated immediately after manipulation and after 

5minutes delay for developing the chemical cure. The null hypotheses were: 1) The 

light activation of dual-cure resin-based materials immediately or after 5-minutes would 

not modify the mechanical properties; 2) the physical and mechanical properties of 

resin-based materials would be similar when used for restoring endodontic treated teeth.  

  

MATERIAL AND METHODS  

Nine dual-cure resin materials used for restoring endodontic treated teeth were tested: 4 

resin-core materials: Allcem Core, FGM; Clearfil DC Core Plus, Kuraray; LuxaCore 

ZDual, DMG; and Rebilda DC, VOCO; 3 automix dual-cure resin cement: RelyX 

Universal, 3M Oral Care; RelyX U200, 3M Oral Care; and Allcem Dual, FGM; and 2 

bulk-fill RBCs: Opus Bulk Fill APS, FGM; and Filtek One Bulk Fill, 3M Oral care. The 

composition of the materials and manufacturer recommendations are described in Table  

1. Two light activation protocols were used for dual-cure resin-based materials: 

immediately and 5-minutes delayed after manipulation both using a multiwave light 

curing unit (LCU) VALO Grand; Ultradent.  All materials were tested for (Shr, %) using 

strain-gauge test, filler content (%) using thermogravimetric analysis (TGA), flexural 

strength (FS) and elastic modulus (E, MPa) using 3-bending test, radiopacity, Knoop 

hardness (KH, N/mm2), degree of conversion (DC, %), depth of cure (DoC, mm), 

diametral tensile strength (DTS, MPa) and compressive strength (CS, MPa) all. The 

resin-based material reminiscent into each mixed tip was weighted. Scanning electric 

microscopy (SEM) was used to evaluate the morphology of the inorganic filler content.  
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Post-Gel Shrinkage (Shr)  

Post-Gel shrinkage was calculated using the strain-gauge test method with (n = 5). The 

tests were performed in a dark room with orange light and temperature control (22 ± 1 

°C). The resin-based material was placed in hemispheres on the top of a biaxial strain 

gauge (CEA-06-032WT-120, Excel Sensores) that measured shrinkage stresses in both 

parallel and perpendicular directions. A strain conditioner (ADS05000IP, Lynx) 

converted electrical resistance variations in the strain gauge into voltage variations and 

Shr values, through a quarter-bridge with an internal reference resistor (120  ). The 

strain values measured along the two axes were calculated since the material properties 

were considered homogeneous and isotropic on a macro scale. All resin-based materials 

were light activated according to the two protocols: immediate and delayed, with multi 

wave LCU (VALO Grand, Ultradent) for 40 s with the LCU tip held at 1.0 mm from the 

surface of the material. The Shr values were collected for 15 minutes after the light 

activation. The maximum shrinkage value at the stabilization of the post-gel curves, as 

used as the post-gel linear shrinkage and converted to a volumetric percentage Shr x  

0.0003/100.   

  

Flexural Strength (FS) and Elastic Modulus (E):  

The three-point bending test was used for calculating the flexural strength (MPa) and 

modulus elasticity (MPa) according to the ISO 4049 (2019).24 Specimens of all resin-

based materials (n = 10) were prepared using a 2 mm × 2 mm × 25 mm rubber matrix, 

in a dark room with orange light. To minimize the presence of bubbles and obtain 

smooth surfaces, the matrix was placed on a glass plate and a Mylar strip (KDent, 

Quimidrol) was positioned between the glass plate and matrix. The matrix was filled 

with mixing tips and, another Mylar strip was placed on the top and the second glass 

plate was used to force out the excess of the resin cement, the excess was removed, and 

the material was light activated using two protocols at three points each. After being 

stored for 24 h in a dry oven at 37 °C, ten specimens from each group were tested.  

Three-point bending test was carried out using a universal testing machine (Instron  

ElectroPuls E3000, Instron) at a crosshead speed of 0.5 mm/min and assessed using 

Bluehill Universal software (Instron Training Center). The surface submitted to the 

three-point bending test was the top surface that received light directly from the LCU. 
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The FS was calculated using the following formula: α = 3FL/ (2 wt2) where F was the 

maximum force applied (N), L was the distance between the support beams (mm), w 

was the width of the specimen (mm), and it was the thickness of the specimen (mm).  

The modulus of elasticity (MPa) was determined using a deflectometer (W-E401-J, 

ESeries Deflectometer, Instron) with the tip positioned at the center of the specimen 

base to measure the deflection during loading. The modulus of elasticity (MPa) was 

determined using the following formula: E = FL3 /4BH3 d where F was the maximum 

load (N), L was the length of the specimen (mm), B was the width of the specimen 

(mm), H was the height of the specimen (mm) and d was the deflection (mm) 

corresponding to the load F.25  

  

Diametral Tensile Strength (DTS) and Compressive Strength (CS):  

DTS and CS (n = 10) were calculated for all resin-based material. The mold for the CS 

test had 6.0 mm in height and 3.0 mm in diameter; and for the DTS test, the matrix had 

2.0 mm in height, and 4.0 mm in diameter. The specimens were light-activated using 

both protocols, and the specimens were then stored in dark envelopes for 24 h at 37 ◦C. 

The specimens were subjected to CS and DTS testing in a universal testing machine 

(Instron ElectroPuls E3000, Instron) at a crosshead speed of 0.5 mm/min until failure 

occurred and the load to fracture load (N) was assessed using Bluehill software 

(Instron). CS values (MPa) were calculated by dividing the F, fracture load (N) by the 

cross-sectional area (mm2): CS (MPa) = F/ r2, where “r” was the radius of the 

specimen. The DTS (MPa) values were calculated using the following equation: DTS = 

2F/ dt, where “F” is the fracture load, “d” was the specimen diameter (mm), and “t” 

was the height of the specimen (mm).  

  

Knoop Hardness (KH)  

Each resin-based material was manipulated and inserted into a bipartite cylindrical 

matrix with 4 mm in diameter and 10 mm in thickness.  The metallic matrix was placed 

on a glass slide, filled with the resin-based material subsequently covered with another 

glass slide. The matrix was filled of all tested resin-based materials that were light-

activated using two protocols as described, on the top of the matrix. The LCU tip was 

positioned as close as possible to the polyester strips and stabilized using metallic 

support.26 The specimens were stored in dark envelopes, dry location at 37 °C for 24 h.  
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Subsequently, specimens were positioned on the microhardness tester (FM700; 

FutureTech Corp., Kawasaki). The KH (N/mm2) along the length of the specimens was 

measured using 50 g for 15 seconds. Three measurements were made in 5 different 

positions with 2.5 mm (0, 2.5, 5.0, 7.5, and 10 mm in depth, n = 10).  

  

Degree of Conversion (DC)  

The degree conversion (DC) was calculated using (n = 10) to calculate the KH. These 

specimens were polished to obtain a flat surface, using silicon carbide abrasive paper 

grit size (#1500, 3M) in the polishing machine (Politriz Aropol VV, AROTEC). The  

DC was measured with a medium infrared FTIR spectrometer (Vertex 70, Bruker Optik 

GmbH) using their software (OPUS v.7.8, Bruker Optik).  The spectra were obtained 

between internal standard aromatic C=C bonds (1608 cm-1) and aliphatic C=C bonds  

(1638 cm-1). The baseline of each uncured resin cement was recorded by scanning the 

32 times over a range from 400 cm-1 to 4000 cm-1 at the resolution of 4 cm-1. Data were 

collected at 25 ± 1 °C and 60 ± 5% humidity conditions in a dark room with orange 

light. Due to the lack of internal reference aromatic peaks at (1608 cm-1) in resin cement 

RelyX Universal, the (1710 cm-1) peak height was used.27 The formula used to calculate 

the degree of conversion was DC (%) = (1-C/U) *×100.  

  

Depth of Cure (mm)  

The same (n = 10) specimens of hardness and degree of conversion were used for the 

curing depth. They were removed from the matrix and inserted in glass recipient with 

100% acetone (NEON, Persoalab). After one hour, the specimens were removed from 

the glass recipient, and dried for one hour, in the laboratory with temperature control 

(22 ± 1 °C). The specimens were then photographed with a DSLR camera (D7200, 

Nikon) coupled to macro lenses (105 mm f/2.8 VR Micro-NIKKOR, Nikon). The 

specimens were measured with a digital caliper (Mitutoyo, Japan) and the values were 

divided by 2 to obtain the DoC values following the ISO 4049 recommendations.28  

  

Thermogravimetric analysis (TGA)  

Thermogravimetric analysis (TGA/ SDTA861e) was used to obtain the filler mass 

fractions (%) of tested materials with (n = 3). TGA measured the change in mass of the 

resin-based materials as a function of temperature. Approximately 0.005 mg of each 



23  

  

resin-based material, light-activated for 40 s using 2 tested protocols. The specimen was 

placed in thermogravimetric analyzer (model TGA 55, TA Instruments), immersed 

placed in standard NETZSCH alumina 85 mL crucibles attached to the 

thermosanalytical unit (TGA-50, Netszch-Thermische Analyse) with a TA System 

Controller (TASC 414/2), a temperature range of 10–900 °C, at a heating rate of 10 

°C/minute during approximately 80 minutes, and under synthetic air dynamics (50 

mL/min). After being subjected to this test, only the filler remained, and the filler 

content was calculated considering the % of the mass remained.  

  

Radiopacity   

Digital radiographs were taken using the standardized specimens measuring 5 mm in 

length, 2 mm in width, and 2 mm in thickness. The specimens (n = 10) were positioned 

over a phosphor plate (size 2, Durr Dental), and radiographic exposure was performed 

using radiography equipment (Timex 70 E, Gnatus) exposing the specimens to 0.07 

seconds to 70 kV and 7.0 mA. The aluminum scale - with thickness from 1 to 10 mm, 

increasing every 1 mm (Odeme) was placed on the matched plate, with 20 centimeters 

of focal length. Radiopacity was determined using ImageJ software.11,29,30  

Five locations were determined on each specimen, proportional to its length, where the 

mouse cursor was positioned to collect the radiopacity value. The average of the five 

calculated values was used as the radiopacity level for each resin-based material. A 

value is assigned to each pixel to represent a specific shade of gray. These pixel values 

range from 0 to 255, where 0 represents the darkest gray or black and 255 represents the 

lightest gray or white.  

  

Scanning Electric Microscopy Analysis (SEM) / Energy Dispersive Spectroscopy 

(EDS)  

The morphology and size of the filler content were evaluated by scanning electric 

microscopy (SEM) analysis. Specimen 0.3 g of each base and catalyst of resin-based 

material were inserted on a conical bottom centrifuge tube in polypropylene (Falcon, 

Vitchlab) in 5 mL of acetone and centrifuged for 2 minutes at 1,000 rpm, this process 

was repeated 3 times. The remaining material mass was immersed 3 times in 5 mL of 

chloroform P.A (Alphatec) and centrifuged as described above to further wash and 

eliminate the matrix.31 The filler content was then smeared over the aluminum stubs, 
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and sputter coated with gold/palladium in a high vacuum (QR 150ES, Quorum). The 

specimens were examined with a scanning electron microscope (VEGA 3 LMU, 

Tescan) operating at 20.00 Kv. Images were obtained at 5,000, 10,000, and 20,000 × 

magnification. Particle composition was determined using the powder obtained, 

observed in an SEM / EDS integrated analysis system (INCA X-ACT model 

51ADD0007, Oxford). Analyses were performed at a working distance of 14.9 mm, 20 

Kv, variable spot size to obtain a lifetime of 30 seconds, and dead time of 20 %. For 

each specimen, one scan analysis of 4 s was performed, using a magnification of 5000 

x.   

  

Weighting of mixing tips (g)  

The mixing tips used for mixing the materials used for previous tests were weighted 

using an analytical balance (AG200, Gehaka Ltda) before using and after mixing and 

inserting the resin-based materials (n = 20). The weight of residue was calculated by the 

subtraction of the final by initial weight (g).   

  

Statistical Analysis  

Data were tested for normal distribution (Shapiro-Wilk) and equality of variances  

(Levene test), followed by parametric statistical tests. Data from Shr, TGA, FS, E, DTS, 

CS, DoC, and radiopacity, were analyzed using 2-way ANOVA and KH and DC were 

analyzed using 2-way repeated measures ANOVA, followed by Tukey. All statistical 

analyses were performed using Sigma Plot 12.0 (Stata Corp, College Station, TX) and 

all tests were performed using a level of significance of α = 0.05.  

  

Results Shr (%)   

The mean and standard deviation values of resin-based materials light-activated using 

both protocols are reported in Figure 1. Two ANOVA showed that there was significant 

difference between the resin-based materials (p < .001), and between light activation 

protocols (p < .001). Tukey's test showed that the delayed light activation reduced 

significantly the Shr for all resin-core and dual-cure resin cements. No difference was 

found between Shr values of both tested bulk-fill RBCs. In general, the resin-core 

materials when light-activated immediately had similar or higher Shr values than bulk-

fill RBCs; however, when light-activated after 5-minutes all the materials tested had 
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lower Shr values than bulk-fill RBCs. The dual-cure resin cements in general had lower 

Shr than resin-core materials when both were light-activated immediately, however this 

difference tend to disappear with delayed light activation protocol.   

  

  

  

Flexural Strength (FS, MPa)   

The FS mean and standard deviation values of all resin-based materials are shown in 

Figure 2. Two-way ANOVA showed significant difference between resin-based 

materials (p < .001), but no significant difference of light activation protocols (p = 

.302). Rebilda DC had the highest FS value, followed by both tested bulk fill resin 

composite, Clearfil DC Core Plus and Allcem Core, and RelyX Universal, RelyX U200 

and LuxaCore Z had the lowest FS values (p < .001).  

  

Elastic Modulus (E, MPa)   

The E mean and standard deviation values of all resin-based materials are shown in 

Figure 3. Two-way ANOVA showed significant difference between resin-based 

materials (p < .001), but no significant difference of light activation protocols (p = 

.101). OPUS Bulk Fill APS had the highest E value, followed by Clearfil DC Core Plus, 

and RelyX Universal had the lowest E values (p < .001).  

  

Diametral tensile strength (MPa)  

The DTS mean values and standard deviations of all resin-based materials using 

different light activation protocols are reported in Figure 4. Two-way ANOVA showed 

there was a significant difference between the resin-based materials (p < .001), the light 

activation protocol (p < .001), and also for the interaction between both study factors (p 

< .001). Tukey's test showed that for the bulk-fill RBCs and Clearfil DC Core Plus had 

the highest and RelyX Universal and RelyX U200 had the lowest DTS values. The 

delayed light activation protocol had a significative influence on the DTS values only 

for Clearfil DC Core Plus.   
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Compressive strength (MPa)  

The CS mean values and standard deviations of all resin-based materials using different 

light activation protocols are reported in Figure 5. Two-way ANOVA showed there was 

a significant difference between the resin-based materials (p < .001), the light activation 

protocol (p < .001), and also for the interaction between both study factors (p < .001). 

Tukey’s test showed that for the bulk-fill RBCs, Rebilda DC and Clearfil DC Core Plus 

when light-activated after 5-minutes had highest and RelyX Universal had the lowest 

CS values. The delayed light activation protocol had significative influence on the CS 

values only for Clearfil DC Core Plus.   

  

Knoop Hardness (KH, N/mm2)  

The KH mean values and standard deviations of all resin-based materials using different 

light activation protocols are reported in Figure 6. There was a high correlation between 

depth increasing and the reduction in the KH values for all materials (p < .001). 

Twoway ANOVA showed there was a significant difference between the resin-based 

materials (p < .001), the light activation protocol (p < .001), and also for the interaction 

between both study factors (p < .001). Tukey's test showed that the bulk-fill RBCs and 

resin-core materials had in general higher KH values than dual-cure resin cements. The 

KH values always significantly higher at the top than at the 5 mm depth or deeper 

measurement. The delayed light activation protocol increased the KH values in deep 

locations for RelyX Universal and LuxaCore Z; and for Allcem Core and RelyX U200 

at 0 to 5 mm. No influence of light activation protocol was observed for Clearfil DC 

Core Plus and Allcem Dual.   

  

Degree of Conversion (%)  

The DC mean values and standard deviations of all resin-based materials using different 

light activation protocols are reported in Figure 7. There was a high correlation between 

depth increasing and the reduction on the DC values for all materials (p < .001). 

Twoway ANOVA showed there was a significant difference between the resin-based 

materials (p < .001), and also for the interaction between both study factors (p < .001). 

Tukey's test showed that for the bulk-fill RBCs and resin-core materials had in general 

higher DC values than dual-cure resin cements. The DC values always significantly 

higher at the top than at the 10 mm depth, mainly for bulk-fill RBCs. The delayed light 
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activation had no significant influence on the DC values, irrespective of resin-based 

tested material. The reduction of the DC with the increasing of depth was significantly 

more evident for bulk-fill RBCs than dual-cure resin materials.   

  

Depth of Cure (mm)  

The DoC mean values and standard deviations of all resin-based materials using 

different light activation protocols are reported in Figure 8. There was a high correlation 

between depth increasing and the reduction on the DoC values for all materials (p < 

.001). Two-way ANOVA showed there was a significant difference between the resin-

based materials (p < .001) but had no significant difference for light activation protocol 

(p = .477). Tukey's test showed that for the bulk-fill RBCs had significantly lower depth 

cure of dual cure resin-based materials. The delay of 5-minutes for light activation had 

no influence on the DoC values.   

  

TGA, Filler content (%)  

The filler content in weight (%) mean and standard deviation values of resin-based 

materials light-activated using both protocols are reported in Figure 9. Two ANOVA 

showed significant difference between the resin-based materials (p < .001), but no 

significant difference for light activation protocols (p = .411). Tukey's test showed that 

the bulk-fill RBCs and the most of resin-core materials had higher filler content than 

dual-cure resin cements. Both tested bulk-fill RBCs, Clearfil DC Core Plus and Rebilda 

DC had the highest filler content and RelyX Universal had the lowest filler content in 

weight (p < .001).  

  

Radiopacity  

The mean and standard deviation radiopacity values of all resin-based materials using 

both light activation protocols are shown in Figure 10. Two-way ANOVA showed 

significant difference between the resin-based materials (p < .001); however, no 

difference was found between the activation protocol (p = .311). Tukey's test showed all 

tested resin-based materials demonstrated radiopacity level that was equivalent to, or 

higher, than the 4 mm aluminum step-wedge. The light activation protocol had no 

influence on the radiopacity.   
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SEM analysis / EDS  

The morphology of the filler content of the composites evaluated in this study at 5,000 

x, 10,000 and 20,000 are show in Figure 12. The materials evaluated presented in 

general irregular particles with different sizes and agglomerated, except for Allcem 

Core that presented more homogenous fillers without agglomerate, and RelyX 

Universal which presented only nanoparticles in the catalyst. The Clearfil DC Core 

Plus, RelyX U200, and LuxaCore Z had the largest particle size.   

The EDS analysis showed the prevalent components of the filler content of all 

resinbased materials tested were found oxygen and silica, followed by carbon, barium, 

and aluminum. except for RelyX Universal which also presented ytterbium, fluorine, 

strontium, and bromine; RelyX U200 had fluorine, strontium, lanthanum, sodium, 

phosphorus, and calcium; and Filtek One Bulk Fill had zirconium and ytterbium, shown 

in Figure 13.   

  

Material residue in mixing tip (Weight – g, %)  

The weight of residue material inside the mixing tip mean values and standard 

deviations are reported in Figure 11. One-way ANOVA showed there was a significant 

difference between the resin-based materials (p < .001). A different percentage of lost 

cement was observed with Allcem Dual (5.8%) and Allcem Core (4.1%), RelyX U200 

had (3.0%), showing Clearfil DC Core Plus (3.2%) more residue compared to LuxaCore 

Z (2.9%) and Rebilda DC (2.9%). Conversely, RelyX Universal (2.2%) was found to 

have the least consumption. Tukey's test showed that for the RelyX Universal had 

significantly lower and RelyX U200 had the highest residue inside the mixing tips. 

Among resin-core materials Allcem Core and LuxaCore Z had significantly residue 

inside the mixing tip than Clearfil DC Core Plus and Rebilda DC.  

  

Discussion  

This study evaluated if the material type and the light activation protocol can influence 

the physical and mechanical properties of the resin-based materials used for restoring 

endodontically treated teeth. The delayed light activation of the dual-cure resin-based 

materials reduced the Shr and produced similar or higher physic-mechanical properties, 

then the first null hypothesis was rejected. The dual-cure resin-based materials tend to 

stabilize in mass with time and does not suffer immediately the change the monomers to 
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polymers in one single moment, reducing shrinkage stresses.21 Dual-cure resin cements 

are characterized by two forms of initiating the polymerization: first, polymerization of 

dimethacrylate initiated by free radicals, and second by light activation, in this sense the 

self-curing mode compensates for the lack of light incidence in opaque areas of the 

restoration.17 During the initial polymerization, the stiffness of the material is gained 

and the capacity to deform is reduced.25 The immediate light activation tend to 

accelerate the cure process, reducing the capacity of the dissipate the stress generated 

during light activation. The E is related to the stress transmission between the final 

restoration and the reminiscent tooth structure, indicating the ability of the resin-based 

materials to resist the elastic deformation that can damage the integrity of the bonded 

interface.6 Resin-based materials that have high elastic modulus produce more rigid 

restorations, therefore the modulus of elasticity is intimately linked to the hardness.7  

The E of the resin-based materials should have a nearly intermediary elastic modulus of 

the dentin that is going to be replaced 18.6 (MPa).25 In this study the E values tend to 

correlate with the filler content, confirming that bulk-fill RBCs and resin-core materials 

presented higher filler content and also higher E values, in contrast to RelyX Universal 

which had lower E values. An increase in filler content generally leads to higher 

observed E values.7   

The FS is an important mechanical property of brittle materials. ISO 4049 prescribes a 

minimum FS of 50 MPa for luting materials to support masticatory loading.24 All tested 

materials achieved the FS parameter recommended, justifying the similarity between 

materials used for both strategies for restoring endodontic treated teeth. DTS and CS are 

also important mechanical properties, because resin-core materials usually replace large 

quantity of tooth structure and should provide sufficient strength to resist compressive 

forces and intraoral tensile stress.20 The influence of these materials in the daily practice 

of clinicians is important because many clinical failures are due to tensile stress in the 

process of mastication which has two or more sets of forces applied in opposite 

directions.10  

High percentages of filler can affect the post-gel shrinkage subsequently increasing the 

fracture strength.4 This aspect can explain higher Shr values for bulk-fill RBCs and 

resin-core materials with higher filler content compared with dual-cure resin cements. 

Delayed light activation of 5-minutes also increases the Ph-buffering which is important 

to permit adequate polymerization.18   
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In some studies, the delay light activation demonstrated also improving on the 

mechanical properties such as Knoop hardness, elastic modulus, and bond strength of 

the dual-cure resin cement, and reduce the residual shrinkage stress.19-22 The material 

possesses a higher gel phase which dissipates the shrinkage volume stress, therefore 

when photo-activated immediately there is a shock of particles that shrink quickly to the 

medium. In the gel phase is yielded softer to posteriorly harden and this abrupt change 

improves fast vitrification of the resin-based materials.11,25 However, this mechanism 

did not improve consistently the physic-mechanical properties tested in this study.   

The mechanical properties of resin-core materials, dual-cure resin cement, and bulk-fill 

RBCs were material-dependent, then the second null hypothesis was also rejected. The 

physical, mechanical, and biological properties of resin-based materials are strongly 

influenced by the DC achieved by the organic matrix.27 Whereas the DC, DoC, and KH 

did not differ between immediate and delayed light activation protocols. The 5-minutes 

delay light activation resulted only in increasing KH. Development of the DC continues 

for some time even after the restoration is completed.28,29 The high DC values can also 

be related to the polymer formation with not well stable or strongly connected network, 

which can explain the more evident reduction for KH values in deep locations.  KH 

represents the deformation of the resin-based material when suffer load to be penetrated. 

The KH values can be compared to the dentin hardness, having to overcome cracking in 

brittle materials.27,4 The KH values reduced when depth increased. The light attenuation 

reduces the energy delivered on the deep areas, making the only chemical reaction not 

sufficient to achieve the same polymerization quality through the material depth. This 

finding highlights the necessity of using of LCU with high power and well distributed 

light on the LCU tip.9,26 The resin-core materials had higher KH than bulkfill RBCs at 

deeper locations due their chemical initiators mediated by the peroxideamine binary 

redox system.27 The higher DC values observed for dual-cure resin cement resulted in 

higher KH values.5  However, the bulk fill RBCs depends on the light reach the deep 

higher than 4 to 5 mm, confirming that the concept that bulk-fill restoration not always 

allows single increment.   

Higher DC values have been associated with improved mechanical properties of resin-

based materials.27 In cases where there is no proper light-curing, like at gingival floor, 

the DC depends on the chemical conversion of the monomers to polymers.4 must be 

preserved at the bottom of the restoration because it is useless to have a material that 
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loses all its properties at deep regions, being a barrier and sealing material guaranteeing 

the success of the canal treatment in the long term.8 In the case of core build-up, the 

resin-based material may not be polymerize properly, being susceptible for cracking 

when the patient leaves with the temporary restoration or even when the definitive 

restoration is luted.28 Resin-based materials that do not achieve the suitable DC, have 

been associated with problems such as microleakage, wear resistance, recurrent caries, 

discoloration, susceptibility to degradation and finally decrease in mechanical 

properties.10 In this study, the DC values were higher for dual-cure resin cements than 

bulk-fill RBCs at deep locations, that can explain the lower DoC, KH at 7.5 and 10 mm 

depth. However, we need to consider that bulk-fill RBCs is not recommended to be 

used for 10 mm, all tested bulk-fill RBCs achieved the recommended depth 

polymerization of 5 mm, as described by manufactures.       

Differences between materials regarding the filler content, monomer integration, and 

filler size can be directly related to the mechanical properties.19 This filler mass % may 

influence resin-based material´s E, KH, and FS.14 High inorganic contents have been 

associated with more homogenous E and KH values distribution that produces strength 

restorations in depth.4 The UDMA network give lower viscosity facilitates the migration 

of free radicals, therefore increasing the crosslinking, which subsequently increases FS 

values.17 This study showed heterogeneity of mechanical properties that occur in 

clinical scenarios where indirect restorations have complex luting because light 

activation is considerably attenuated or barred in areas of difficult site.23  The resin-

based materials present different radiopacities to improve radiographic 

monitoring.11,29,30 Adequate radiopacity allows better diagnosis and differentiation of 

marginal gaps, secondary caries, marginal overhangs extending to subgingival regions, 

and delineate tissues and structures such as enamel, dentin, and other reconstruction 

portions such as fiberglass posts, metal post, and crowns.24 The presence chemical 

elements such as Zirconium, Strontium, Lanthanum, Magnesium, Ytterbium, Barium, 

Zinc and Yttrium increase the radiopacity properties.12 Barium was the most used 

radiopaque material, except for 3M Oral Care materials that had Ytterbium, Strontium 

and Lanthanum. The tested bulk-fill RBCs contain higher atomic number Barium (Z = 

56), that gave higher radiopacity, followed by Filtek One Bulk Fill, with atomic 

numbers; Zirconium (Z = 40), Yttrium (Z = 39). Therefore, the content of radiopaque 

additives in the inorganic filler influences the radiopacity test.   
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As expected, some resin-based materials remained inside the mixing tips. However, this 

study demonstrated that the different automixed materials presented significant 

differences in the residues inside the tip after mixing the material. Considering the 

volume and weight of the total material presented in one syringe, different percentages 

observing the lost cement in the percentage of Allcem Core (4.1%) and LuxaCore Z  

(2.9%) presented more residue inside than Clearfil DC Core Plus (3.2 %) and Rebilda  

DC (2.9%). Allcem Dual (5.8%) and RelyX U200 (3.0%) RelyX Universal had (2.2%). 

The waste of material has significant implications, as it not only increases costs 

associated with the purchase of tips to achieve optimal clinical outcomes but also results 

in material loss. This dilemma often compels clinicians to make choices regarding the 

use of resin cement based on factors such as lower cost, larger quantities of material, 

more tips, and greater market accessibility.  

This study had some limitations, although all the experimental tests were conducted 

under favorable conditions. They did not replicate the real clinical challenges posed by 

various oral conditions such as mouth opening, tooth positioning within the oral cavity, 

and the need to reach deeper locations with light curing tip when working with resin-

based materials.  

It is important to emphasize that mechanical properties are affected by the material type 

and composition.4 The resin-core materials showed satisfactory results, similar in most 

cases or superior to dual-cure resin cements used to cement the fiberglass post and to 

the RBC that is used to build the core structure. This performance can be explained by 

the similar higher filler content observed for all resin-core materials, when compared 

with bulk-fill RBCs. Also, the adequate polymerization in deeper locations observed in 

this study can support the capacity for fiberglass posts in root canals. The 

comprehensive analyses of the physical and mechanical properties of the resin-core 

materials can support that the rehabilitation of the endodontically treated tooth with the 

cementation of the post, core build-up, and definitive cementation of the prosthesis can 

be achieved with these in a single phase and with the same material.5,21  

The use of resin-core materials can save working time, improving the efficiency and 

effectiveness of the restorations by avoiding multiple material interfaces. This study 

showed that, based on the physical and mechanical properties, the option for using the 

resin-core dual cured materials to cement the fiberglass post, rebuild the core, and 

cement the final prosthesis is an option for restoring endodontic treated teeth. Moreover, 
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the findings of this study further validate the clinical recommendation proposed in 

previous studies,19-22 which suggests that the strategy for dual-cure resin cements can be 

extrapolated to resin-core materials.  

  

Conclusions  

Within the limitations of the study design the following conclusions can be drawn:  

1. The delayed activation protocol waiting 5-minutes after mixing dual cure resinbased 

materials significantly reduced the post-gel Shr without affecting or improving all 

the tested mechanical properties.  

2. Dual cure resin-core materials presented similar mechanical properties to bulk-fill  

RBCs, allowing to perform core build-up with a single material.  

3. Dual-cure core materials presented a higher depth of cure than bulk-fill RBCs, and 

similar or higher mechanical properties to dual-cure resin cements used for luting 

fiberglass post and final indirect restorations.  

4. The resin-based materials remained into the mixing tip varied significantly ranging 

between 5.8% to 2.2% in weighted for all tested materials.  

5. The radiopacity of all materials was higher than the recommendation of ISO 4049.    
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Table 

 

         Table 1. Resin cements and bulk fill resin composite tested 

Materials Type Manufact

ures 

Primary Components Weight Volume Lot 

Number 

Shade 

Clearfil 

DC Core 

Plus 

Core 

Build-up 

Resin 

Cement 

Kuraray Inorganic fillers range from 0.01 μm to 20 μm. Paste A: Bis-GMA, Hydrophobic 

aliphatic dimethacrylate,  Hydrophilic aliphatic dimethacrylate, Hydrophobic 

aromatic dimethacrylate, Silanated barium glass filler, Silanated colloidal silica, 

Colloidal silica, dl-Camphorquinone, Initiators and Pigments. Paste B: 

TEGDMA, Hydrophilic aliphatic dimethacrylate, Hydrophobic aromatic 

dimethacrylate, Silanated barium glass filler,  Silanated colloidal silica, 

Aluminum oxide filler and Accelerators. 

Not 

specified 

 

 

52% 5MO392 Dentin 

 

 

LuxaCor

e Z-Dual 

Core 

Build-up 

Resin 

Cement 

DMG Mean of filler size is about 0.02 - 2.4 µm. Barium glass, pyrogenic  silicic acid, 

nanofiller and zirconium dioxide in a Bis-GMA based matrix from dental resin. 

70% 50% 241962 A3 

Rebilda 

DC 

Core 

Build-up 

Resin 

Cement 

VOCO Bis-GMA, UDMA, BHT and benzoyl peroxide. Not 

specified 

Not 

specifie

d 

2131566

, 

2143447 

and 

2032447 

Dentine 

Allcem 

Core 

Core 

Build-up 

Resin 

Cement 

FGM  Base paste: metacrylate monomers such as BisGMA, Bis EMA and TEGDMA, 

camphoroquinone, coinitiators, barium-aluminium-silicate glass microparticles 

and nano-particles of silicon dioxide, inorganic pigments and conservers. 

Catalyst paste: methacrylic monomers, dibenzoyl peroxide, stabilizers and 

Barium -Aluminium-silicate glass micro-particles. 

62% Not 

specifie

d 

150920, 

170322, 

010421 

and 

130922. 

A2 

RelyX 

Universa

l 

Dual Cure 

Resin 

Cement 

3M Oral 

Care 

Catalyst Paste: YbF3, UDMA, Silane treated glass powder, TEGDMA, Silane 

treated silica, Initiator, pigments, e.g., Titanium dioxide, HEMA. Base Paste: 

TEGDMA, Silane treated silica, UDMA, Hydroperoxide. 

Not 

specified 

Not 

specifie

d 

8402901 

and 

8452689 

AO3 

RelyX 

U200 

Dual Cure 

Resin 

Cement 

3M Oral 

Care 

Mean of filler size is about 12.5 µm. Base past: methacrylate monomers 

containing phosphoric acid groups, methacrylate monomers, silanated fillers, 

ionitiator components, stabilizers and reheological additives. Catalyst paste: 

70% Not 

specifie

d 

8299171 

and 

8629419 

A2 



 

methacrylate monomers alkaline (basic) fillers, silanated fillers, initiator 

components, stabilizers, pigments and rheological additives. 

Allcem 

Dual 

Dual Cure 

Resin 

Cement 

FGM 

 

Base paste: metacrylate monomers such as BisGMA, Bis EMA and TEGDMA, 

camphoroquinone, coinitiators, barium-aluminium-silicate glass microparticles, 

particles of silicon dioxide, inorganic pigments and preservatives. Catalyst paste: 

methacrylate monomers, dibenzoyl peroxide and stabilizers aluminium-silicate 

glass microparticles. 

66-67% Not 

specifie

d 

300622, 

1710022 

and 

130122 

A2 

Filtek 

One 

Bulk Fill  

Bulk Fill 

Resin 

Composite 

3M Oral 

Care 

Non-agglomerated/non-aggregated 20nm silica filler, a non-agglomerated/non-

aggregated 4 to 11nm zirconia filler, an aggregated zirconia/silica cluster filler 

(comprised of 20nm silica and 4 to 11nm zirconia particles) and a YbF3 filler 

consisting of agglomerate 100nm particles. Contains AFM (dynamic stress-

relieving monomer), AUDMA,UDMA and DDDMA. 

76.5% 58.5% NE8832

2 and 

NF4362

4 

A3 

Opus 

Bulk Fill 

APS 

Bulk Fill 

Resin 

Composite 

FGM 

 

Active ingredients: uretane-dimetacrylic monomers, stabilizers, photoiniating 

composition (APS) and co-initiators. Inactive ingredients: inorganic load of 

silanized silicon dioxide (silica), stabilizers and pigments. 

79% 

 

Not 

specifie

d 

190122 A3 

 

 

Bis-GMA, bisphenol A-glycidyl methacrylate; TEGDMA, Triethyleneglycol dimethacrylate; UDMA, Urethane dimethacrylate; HEMA, 2-hydroxyethyl 

methacrylate; BHT, butylated hydroxytoluene; YbF3, ytterbium trifluoride; APS, Advanced Polymerization System; AUDMA Aromatic urethane 

dimethacrylate; AFM, addition fragmentation monomers; DDDMA, 1, 12-Dodecanediol dimethacrylate.  
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Figures   

  

 

Figure 1. Means and standard deviation values of Shr values (%) for resin-core materials, 

dual cure resin cements and bulk-fill RBCs. Different letters mean significant difference; 

upper caser letter used for comparison between materials for each lightactivation 

protocol; and lower caser letter used for comparison between light activation protocol for 

each resin-based material.  

 

Figure 2. Means and standard deviation of FS values (MPa) for resin-core materials, 

dual cure resin cements and bulk-fill RBCs. Different letters mean significant 

difference; upper caser letter used for comparison between materials for each light 

activation protocol; and lower caser letter used for comparison between light activation 

protocol for each resin-based material.  
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Figure 3. Means and standard deviation of E values (MPa) for resin-core materials, dual 

cure resin cements and bulk-fill RBCs. Different letters mean significant difference; 

upper caser letter used for comparison between materials for each light activation 

protocol; and lower caser letter used for comparison between light activation protocol for 

each resin-based material.  

  

 

Figure 4. Means and standard deviation of diametral tensile strength values (MPa) for resin-

core materials, dual-cure resin cements and bulk-fill RBCs. Different letters mean 

significant difference; upper caser letter used for comparison between materials for each 

light activation protocol; and lower caser letter used for comparison between light activation 

protocol for each resin-based material.  
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Figure 5. Means and standard deviation of compressive strength values (MPa) for resin-core 

materials, dual-cure resin cements and bulk-fill RBCs. Different letters mean significant 

difference; upper caser letter used for comparison between materials for each light 

activation protocol; and lower caser letter used for comparison between light activation 

protocol for each resin-based material.  

  

 A B C D 

 
 Depth  - mm Depth  - mm 

  

Figure 6. Means and standard deviation of KH values (N/mm2) for resin-core materials, 

dual-cure resin cements and bulk-fill RBCs. Linear regression of KH values according 

to the depth of the measurement. Logarithmic regression coefficient (R2) for all resin-

based materials.  
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Figure 7. Means and standard deviation of DC values (%) for resin-core materials, dual-

cure resin cements and bulk-fill RBCs. Linear regression of DC values according to the 

depth of the measurement. Logarithmic regression coefficient (R2) for all resin-based 

materials.  

  

  

 

Figure 8. Means and standard deviation of depth of cure values (mm) for resin-core 

materials, dual-cure resin cements and bulk-fill RBCs. Different letters mean significant 

difference; upper caser letter used for comparison between materials for each light activation 

protocol; and lower caser letter used for comparison between light activation protocol for 

each resin-based material.  
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Figure 9. Means and standard deviation of filler content in weight values (%) for resin-core 

materials, dual-cure resin cements and bulk-fill RBCs. Different letters mean significant 

difference; upper caser letter used for comparison between materials for each light 

activation protocol; and lower caser letter used for comparison between light activation 

protocol for each resin-based material.  

  

 

Figure 10. Means and standard deviation of radiopacity values for resin-core materials, 

dual cure resin cements and bulk-fill RBCs; upper caser letter used for comparison 

between materials for each light activation protocol; and lower caser letter used for 

comparison between light activation protocol for each resin-based material.  
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Figure 11. Means and standard deviation of residue into the point values (g) for resin-

core materials and dual-cure resin cements. Different letters mean significant difference; 

upper caser letter used for comparison between materials for each light activation 

protocol; and lower caser letter used for comparison between light activation protocol for 

each resin-based material.   
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Figure 12. Scanning electron microscopy of filler content in the resin-core materials, dual-cure 

resin cements, and bulk-fill RBCs. Images with 5000, 10000 and 20000× magnification.   
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Figure 13. Energy dispersive spectroscopic analysis of the filler particles of resin-core 

materials, dual-cure resin cements, and bulk-fill RBCs. 
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CONSIDERAÇÕES GERAIS  

 Neste estudo verificou-se que a fotoativação tardia aguardando 5-minutos após a 

manipulação de resinas compostas “core” de dupla ativação reduziu significativamente a 

contração de polimerização pós-gel, da mesma forma que mostrado anteriormente em 

cimentos resinosos de dupla ativação. A fotoativação tardia, no geral, manteve ou 

melhorou ligeiramente as mesmas propriedades físicas e mecânicas sem influenciar 

negativamente esse comportamento para nenhum dos materiais testados. Com isso 

recomenda-se que esse protocolo deve ser incorporado na prática clínica para minimizar 

tensões de contração, podendo gerar interface adesiva mais estável e com distribuição de 

tensões mais homogêneas.  

As resinas compostas “core” de dupla ativação exibiram propriedades físicos 

mecânicas similares ou superiores aos cimentos resinosos de dupla ativação. Destaca-se 

a efetiva fotoativação destes materiais em áreas profundas, o que suporta a possibilidade 

de seu uso para cimentar pinos de fibra de vidro em dentes tratados endodonticamente. 

Da mesma forma, as resinas compostas “core” de dupla ativação, apresentaram nesse 

estudo propriedades físicas e mecânicas similares ou superiores as resinas compostas 

bulk-fill.   

Os resultados desse estudo mostram ainda que produtos desenvolvidos no 

mercado nacional apresentam desempenho físico e mecânico compatíveis com produtos 

líderes de mercado mundial. O clínico deve estar atendo ao custo dos produtos e buscar 

aquele produto que melhor se adapta e construir uma relação de fidelidade que faz com 

que o conhecimento e domínio da técnica potencialize o melhor a ser entregue pelo 

material de escolha. O uso de pontas misturadoras é mais que uma facilidade, é uma 

necessidade para que o material seja homogeneizado de forma adequada. A variação de 

resíduo de massa de cimento nas pontas misturadoras (2,2 – 5,8 %) ressalta a necessidade 

de se considerar, sempre que possível, a realização de mais de um dente em uma mesma 

sessão para que seja melhorada a eficiência do produto selecionado.   

Os resultados comparativos entre às resinas compostas bulk-fill e as resinas 

compostas “core” suportam ainda o uso desses produtos na reconstrução coronária. 

Portanto, os resultados desse estudo in vitro, suportam as indicações clínicas reportadas 

pelos fabricantes de uso desses produtos para reabilitação de dentes tratados 

endodonticamente. A cimentação de pinos de fibra de vidro e restauração final e 

reconstrução de núcleos com um mesmo material, pode economizar tempo clínico e ao 
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mesmo tempo reduzindo diferentes interfaces entre diversos materiais, garantindo adesão 

estável e resistência desejada.    

  

     



49  

  

REFERÊNCIAS  

de Kuijper MCFM, Cune MS, Özcan M, Gresnigt MMM. Clinical performance of direct 

composite resin versus indirect restorations on endodontically treated posterior teeth: A 

systematic review and meta-analysis. J Prosthet Dent. 2021:S0022-3913(21)00634-X. 

https://doi.org/10.1016/j.prosdent.2021.11.009   

Ferrari M, Pontoriero DIK, Ferrari Cagidiaco E, Carboncini F. Restorative difficulty 

evaluation system of endodontically treated teeth. J Esthet Restor Dent. 2022;34(1):65- 

80.  https://doi.org/10.1111/jerd.12880  

Kumar SS, Viswanathan M, Rajkumar K, Marudhamani C, Rajaganeshan VS, Biju KA. 

Comparative Study on Fracture Resistance of Endodontically Treated Tooth in Relation 

to Variable Ferrule Heights Using Custom-made and Prefabricated Post and Core: An In 

Vitro Study. J Pharm Bioallied Sci. 2020;12.  https://doi.org/10.4103/jpbs.JPBS_166_20  
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